1. Introduction
===============

Hypertrophic osteoarthropathy (HOA) is a rare syndrome, clinically characterized by digital clubbing, periosteal reactions of long bones, polyarthralgia, arthritis, and synovitis.^\[[@R1],[@R2]\]^ The primary type is rare with only 3% of all cases of HOA.^\[[@R3]\]^ The secondary form occurs more frequently, namely in 95% to 97% of cases.^\[[@R4]\]^ A wide variety of diseases is known for causing HOA.^\[[@R2],[@R4]\]^ Most prevalent is the neoplastic origin associated with lung cancer or pleural mesothelioma.^\[[@R4]\]^ However, benign disorders such as pulmonary infections, chronic obstructive pulmonary disease, sarcoidosis, cyanotic heart disease, hepatic cirrhosis, vascular aneurysms, and inflammatory bowel disease have also been identified causing secondary HOA.^\[[@R1],[@R2],[@R4]\]^ Due to its rare incidence, only few case reports have been published to date. In previous retrospective studies, the prevalence of HOA ranges from 0.73% to 31.6% in lung cancer patients.^\[[@R5]--[@R7]\]^ It is also known that other tumors can cause secondary HOA.^\[[@R8]\]^ However, it occurs rarely in other malignancies.^\[[@R4],[@R8]\]^ There are also no reports providing systemic data about HOA in nonpulmonary or nonpleural malignant tumors.

Therefore, our aim was to estimate clinical and radiological features of HOA in nonpleural or pulmonary tumors in adult patients.

2. Methods
==========

This retrospective study was approved by the institutional ethic committee and informed consent was waived.

The radiologic databases of 2 tertiary university hospitals were screened for secondary HOA patients caused by non-pleural or pulmonary tumors. Cases with HOA in different benign diseases were also excluded. Overall, 6 patients with the following malignancies were identified: non-Hodgkin lymphoma (n = 2), esophageal cancer (n = 1), renal cell carcinoma (n = 1), nasopharyngeal carcinoma (n = 1), and angiosarcoma (n = 1).

In all cases, plain radiography of lower and upper extremities was performed as well as clinical signs were acquired.

Furthermore, a systematic review of the Medline database was performed by using the following keywords secondary HOA (135 results) and HOA (833 results). Only reports in English and German language published from January 1996 to April 2017 were evaluated to ensure homogeneity of the patient collective. Pediatric patients were excluded. After thorough review, 23 reports with 24 cases were included in this systemic review.^\[[@R9]--[@R31]\]^

Altogether, the study sample comprises 30 patients (n = 18 male (60%), n = 12 female (40%)), with a mean age of 43.9 ± 15.5 years, median 44.5, range 16 to 73 years.

Statistical analysis was performed using GraphPad Prism (GraphPad Software, La Jolla, CA). Collected data were evaluated by means of descriptive statistics. Continuous variables were expressed as mean ± standard deviation (SD) and categorical variables as percentages.

3. Results
==========

Several different primary tumors caused secondary HOA (Table [1](#T1){ref-type="table"}). The most frequent tumors were nasopharyngeal carcinoma and esophageal cancer in 6 patients (20%), respectively.
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Identified primary tumors causing secondary hypertrophic osteoarthropathy in this case series.
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In 17 patients (56.7%), HOA was associated with lung metastasis, and in 10 patients (33.3%), no lung metastasis was detected. The remaining 3 patients (10%) had thoracical located lymphomas.

Clinically, most patients presented with arthralgia and bone pain (n = 27, 90%). In 2 patients (6.7%), clubbing was the only sign for HOA. In 1 patient (3.3%), HOA was detected incidentally by radiography.

HOA symptoms were detected in several tumor stages. In 14 patients (46.7%), HOA symptoms were detected before a tumor diagnosis was made. In 16 cases (53.3%), HOA became symptomatically with already known diagnosis.

Serologically, there were no abnormalities. Regarding HOA therapy, 11 patients (36.7%) had no statement of therapy. Eleven patients (36.7%) were treated by nonsteroidal anti-inflammatories and opioids. In 5 of these patients (45.5%), it led to pain relief, and in 6 patients, (54.5%) no alleviation of pain was achieved. In 1 refractory case, methotrexate and hydrochloroquine led to symptomatic regression, in 2 cases pamidronate, and in 1 case zoledronic acid was administered. In 11 patients (36.7%), the HOA symptoms were regressive after tumor treatment.

Radiologically, in all patients, a periosteal reaction of long bones was seen on plain radiography (Fig. [1](#F1){ref-type="fig"}). An exemplarily bone scintigraphy of 2 patients with different grades of tracer uptake is shown in Fig. [2](#F2){ref-type="fig"}.

![Periosteal reaction along the tibia in a patient with angiosarcoma. (A) A diaphyseal smooth periosteal thickening can be seen. (B) (zoomed in) the arrows point out the periosteal thickening of the lateral tibia.](medi-96-e7985-g002){#F1}

![Bone scintigraphy of secondary HOA. (A) Low-grade tracer uptake in a patient with renal cell carcinoma metastasized to the lungs. (B) Moderate tracer uptake in a patient with metastasized angiosarcoma.](medi-96-e7985-g003){#F2}

4. Discussion
=============

HOA was first described by von Bamberger in 1889 and 1 year later by Marie.^\[[@R32],[@R33]\]^ Since then, clinical examination is still most important in diagnostic evaluation of HOA. Clinically, HOA presents with symmetrical pain and swelling at the distal end of the limbs, arthralgia, and synovitis.^\[[@R2],[@R4]\]^ Histological features include prominent bone remodeling and proliferation of the periost with an inflammatory reaction with round cell infiltration.^\[[@R2],[@R4]\]^

It is most often associated with pulmonary disorders, mainly with lung cancer and pleural mesothelioma.^\[[@R4]\]^ Nevertheless, only few studies investigated the prevalence of secondary HOA in malignancies. It ranges from 0.73% to 31.6% in patients with lung carcinoma.^\[[@R5]--[@R7]\]^ Regarding pleural mesothelioma, finger clubbing can be detected in up to 30% of cases,^\[[@R34]\]^ whereas the prevalence of HOA is still unclear.

In the present case series, secondary HOA was caused by non-pleural or pulmonary tumors, most patients suffered from esophageal cancer and nasopharyngeal carcinoma. Moreover, secondary HOA can be associated with carcinomas, sarcomas, and lymphomas, with a higher prevalence in carcinomas in our presented data. Interestingly, rare tumors such as phyllodes tumor of the breast or sarcomas are more represented in this study than their rare incidence might reflect it. Yacoub et al^\[[@R35]\]^ also described more sarcomas and nasopharyngeal carcinoma than more prevalent tumors in their systemic review in 1967. Contrary to the present study, they only investigated HOA cases with lung metastasis by extrathoracic tumors.^\[[@R35]\]^

Furthermore, HOA caused by nasopharyngeal carcinoma and malignant melanoma might only be associated with lung metastasis, whereas HOA caused by esophageal cancer was only found without lung metastasis. However, the underlying pathophysiological mechanisms are unclear. Regarding lymphomas, HOA was found in non-Hodgkin lymphomas as well as Hodgkin lymphoma. Interestingly, the described cases were all located thoracical, indicating that an extrathoracical lymphoma might not cause HOA.

Moreover, HOA can also occur in benign diseases. For example, it has also been described in inflammatory bowel disease, tuberculosis, endocarditis, chronic obstructive pulmonary disease, sarcoidosis, aortic aneurysm, chronic liver disease, and vascular prosthesis infection.^\[[@R1],[@R2],[@R4]\]^

We could not identify specific clinical or radiologically findings of HOA in our patient collective than in HOA cases by the abovementioned causes.

The exact pathogenesis of HOA is yet elusive. Recent molecular studies identified 2 possible pathophysiological mechanisms, namely a neurogenic pathway and a humoral pathway.^\[[@R4]\]^ The humoral pathway is associated with high cytokines and growth factors serum levels, for example, platelet-derived growth factor and prostaglandine E2.^\[[@R4]\]^ Presumably, this pathway might induce the effects in patients with tumors. It is well known that tumors secrete growth factors to stimulate angiogenesis maintaining their own growth capacities.^\[[@R36]\]^

Regarding the diagnostic evaluation of HOA, a clinical diagnosis is based upon digital clubbing, synovial effusion, arthralgia, and bone pain.^\[[@R1],[@R2],[@R4]\]^ In our study, only 1 patient did not present any clinical sign and therefore HOA was an incidental finding in this patient.

The most important diagnostic modality is plain radiography because reliable serological tests are lacking.^\[[@R4]\]^ Radiologically, HOA presents with a generalized or localized periosteal reaction.^\[[@R4]\]^ The localized form was only described in patients with HOA caused by benign diseases such as aortic aneurysm or patent ductus arteriosus.^\[[@R4]\]^ This finding is underlined by the present results with only generalized HOA forms identified.

Another imaging modality is bone scintigraphy, which is the most sensitive test for HOA.^\[[@R4]\]^ In HOA patients, an increased paracortical uptake of radioactive tracer in the bones of the extremities can be detected.^\[[@R4]\]^ Moreover, it can even display tracer uptake in bones with no periosteal reaction in radiography resulting in the higher sensitivity. Typically, the uptake is symmetrical, diffuse, affecting spine, pelvis, and ribs.^\[[@R37]\]^ However, in some cases, it may be unilateral.^\[[@R37]\]^ Therefore, discrimination of HOA from osseous metastases or osteomyelitis may be difficult in these cases.

There are only few reports regarding magnetic resonance imaging (MRI). MRI is able to display the periosteal as well as soft tissue changes.^\[[@R38]\]^ These include muscle and septal edema as well as muscle swelling.^\[[@R38]\]^ The periosteal reaction has a low to intermediate signal intensity on T1-weighted images and low signal intensity on T2-weighted images.^\[[@R4]\]^ Furthermore, periosteal contrast enhancement can be noticed.^\[[@R4]\]^ The periosteal MRI findings correlate with radiography findings.^\[[@R4]\]^ Finally, MRI findings cannot distinguish between primary and secondary HOA.^\[[@R4]\]^

There is no established specific therapy for HOA and the symptoms might regress after control of the primary disease. In our case series, one-third of cases also showed distinctly symptomatic regress after tumor treatment. Recently, several promising reports about treatment with bisphosphonate were published.^\[[@R2]\]^ In our case series, this treatment led to pain relief in 3 patients, representing every patient treated with this drug group.

Regarding clinically representation, HOA may be the first sign of malignant disease and can even predict pulmonary metastasis.^\[[@R4]\]^ In the present study, HOA was the first sign of tumor disease in almost half of the patients and in a smaller amount HOA symptoms led to further lung metastasis diagnostic. However, HOA was only detected incidentally by radiography in 1 patient.

There are several limitations of this study to address. First, it is a retrospective case study. Second, the patient sample is small caused by the rarity of this entity. Third, this study cannot provide systemic data regarding the real prevalence of secondary HOA in several primary tumors. Finally, possible publication bias might influence these data due to only clinically noticeable cases are published as case reports and some asymptomatically HOA cases might not be diagnosed.

In conclusion, this study is the largest case series about secondary HOA caused by non-pleural or pulmonary tumors to date. The most prevalent primary tumors were nasopharyngeal carcinoma and esophageal cancer followed by various other tumors. A bigger account of sarcomas was identified than their rare incidence might reflect it. HOA was associated with lung metastasis and without metastasized tumors. Finally, it is a rare disorder with typically radiologically findings, which is not only associated with lung cancer or pleural mesothelioma.

Abbreviation: HOA = hypertrophic osteoarthropathy.
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